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COMPLETE SPECIFICATION. 

Process for Prodacing Ketones 

We, Esso Reseabch A2fa Enoes^eebi^g 
CoMPAKY, a Corporation duly organised and 
existing under the laws of the State of 
Delaware, United Stat^ of America, of 
5 Elizabeth, New Jersey, United States of 
America, do hereby declare the invention, 
for which we pray that a. patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the follo\(nng statement : — 
This invention relates the production 
of aliphatic ketones in a single phase process 
utilizing electrochemical oxidation. Accord- 
ing to one embodiment of the invention, the 
ketone is produced by the electrochemical 
oxidation of the corresponding secondary 
alcohol. According to a second embodiment 
of the invention, an olefin is used as starting 
material and converted directly to the corre- 
sponding ketone in a single phase process 
using electrochemical oxidation. 

Ketones are produced commercially by 
catalytic dehydrogenation of the correspond- 
ing secondary alcohol. Ordinarily, the 
secondary alcohol feedstock is produced by 
stilfxiric acid hydration of the corresponding 
olefin. Thus, where the ketone is derived 
from an olefin, two separate processes with 
intermediate product recovery are employed. 
In the first such process, i.e. for alcohol 
production, the olefin is absorbed into a 
concentrated sulfuric acid solution resulting 
in the formation of an organic sulfate which, 
in turn, is hydrolyzed to the corresponding 
secondary alcohol. The alcohol is separated 
from the acid solution and purified by con- 
ventional separation techniques usually in- 
volving a series of distillations and caustic 
washings. In the second process, i.e. for 
ketone production, a highly refined alcohol, 
e.g. 0?)% purity or better, is passed in vapor 
[Price 4j. 6rf.] 
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phase over a solid catalyst at elevated 
temperatures in the range of 650^ F. to 
900** F. to dehydrogenate the alcohol feed- 
stock to the corresponding ketone. The 45 
crude ketone product is then subjected to a 
series of product recovery steps, the second 
such series in the over-all process. 

The problems inherent in conventional 
two-stage production of ketones include the 50 
necessity for separation, recovery and finish- 
ing of both an intermediate and an end 
product, the complexity and duplication of 
processing apparatus and equipment, and 
the need for large-scale acid reconcentration. 55 

Electrochemical conversion of the chemical 
energy of hydrogen or an organic compound 
having a lower state of oxidation than carbon 
dioxide to electrical energy is known in the 
art and a device wherein such conversion is 60 
accomplished has become commonly known 
as a fuel cell. 

The fuel cell includes at least one fuel 
electrode and at least one oxygen electrode, 
an electrolyte providing means for ionic 65 
transfer between such electrodes, means for 
admitting an oxidizing ga^ into dual contact 
with electrolyte and oxygen electrode, means 
for admitting fuel into dual contact with 
electrolyte and fuel electrode, and conduct- 70 
ing means for transferring electrons from such 
fuel electrode to such ox^'-gen electrode 
external to the electrolyte. The terms 
"anode" and "fuel electrode'* are used 
interchangeablj' herein as arc the terms 75 
" cathode " and oxygen electrode *\ 

The over-all fuel cell reaction is the sum 
of two essentially independent half-ceii re- 
actions. At the anode, hydrogen, carbon 
monoxide, or a carbon and hydrogen com- 80 
prising compound is oxidized with a release 
of electrons to the anode. At the cathode. 
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oxygen is reduced upon accepting electrons 
and water is formed at the ca4flio*d'e in* an 
acid system with hydrogen* ions- fron* the- 
elect:rolyte. The intemal portion of tEe 
o electrical circuit is completed by ion transfer 
between such- electrodes while electrcjnj tx^ans^ 
fer from anode to cathode external to such 
eieccrolyto compl'etes tfte electrical circuit. 
It has now been discovered tliat the selec- 
10 tive conversion of an olefin or a secondary 
alcohol to the corresponding ketone ca'n be 
carried out in a fuel cell Avith simultaneous 
generation of electrical energy or in a power- 
consuming electrolytic cell with evolution of 

15 hydrogen. The use of an oxygen or air ' 
breathing fuel cell is preferred. The pro- 
cesses for production of ketones in an electron" 
checnical cell may be carried out either 
continuously or as a batch process at ambient 

20 temperatures and pressures. However, it 
should be understood that ther adt^atitdges of 
continuous processing within the scope of 
this invention are not merely the conven- 
tional advantages of increased production 

25 and efficiency of handling. The agitation of 
the reaction liiixtute in embodiments utilis- 
ing removal of electrolyte in product recovery 
with rdtycle after product separation advanta- 
geously affects the rate of reaction. In both 

30 tj-pes of reactors the organic feedstock to be 
converted is brought into dual contact with 
an aqueous sulfutic acid electrolyte and an 
anode of the cell. In the fuel cell the reaction 
is initiated by the admission of oxygen gas 

:I5 iiito dudl contact with a cathode and the 
electrolyte which Results in a catalyzed re- 
duct ioh of such ox3'gen. i.e. acceptance of 
elect fohSj Aiid the formation of water there- 
afkeif with hydrogen ions in the electroljrte. 

40 Conclnelittg means ate provided between 
ahodte aiid cathbde ektemai t6 the electrolyte 
pifovidihg A net flbvV of electrons to the 
cathode after reaction is initiated. In the 
etectrolyU'c cell the reaction is initiated by 

4:3 A^fttltiQ a direct current to the cathode. 

The anodic half-cell reaction, although 
^iequifing a cotopletoentary cathodic half- 
cell, 13 essentially independent of the cathi)- 
dic hilf-cell teAction under the conditions of 

50 ifeactioii employed in aec6rdance with this 
inV-enlidn. Tlius the el6ctrOchetaical re- 
action <>f the present pYobess XvKereby ketones 
are proauced tfiay bfe re5fett-ed to siihply as 
anddic o>ciclation wittioilt differentiation as 

o;) t<> t'he activation 6f the cathodic half-cell 
reaction, l/ilce^ise, the cell employed herein 
ftifiiy be IrefeYted U) as fiiA efectrdche^cal 
reactdi", it ^eing unde*rstood that such term 
li^rein defifl^s a class of cells tv^hich iticlade 

no both a pb^ver-gen^rating feiel cell itnd a 
jpower-cohiiu'toijfig, hychrog^A evolving, eflebtro- 
TytiC cell. 

"iTie •terin.s electrolyte " and "sulfuric 
iicid electrolyte as eiiiployed herein refer 
Go to the cofixbination of *iiiO tfnd BtaSO^, and 



concentrations thereof are based upon this 
(Swo^eompon\ent system. The term ** electro- 
Ijjfte solution " aa employed herein refers to 
the electrolyte of HjO and H^SOj, together 
with dissolved organic compounds therein, 70 
i,e. alcohol and/or olefins. 

The concentration of the sulfuric acid 
electrolyte employed in the process of this 
invention in its broadest aspects is in the 
range of 0.5 — 12 moles of HJSO4 /liter of 75 
electrolyte (H3SO4 -h H^O) ; ^ preferably 
6—11.5 moles H2SO4 /liter, and more prefer- 
ably a concentration of 0 — 10.5 moles 
H2SO4 /liter. 

High selectivity to ketone production is 80 
promoted by controlling the oxidation poten- 
tial or voltage at which the feed is converted. 
Thus, the oxidation potential maintained is 
insufficient to effect evolution of oxygen, 
e.g. at an anodic variation relative to standard 85 
hydrogen reference in the range of 0.5 to 1.65 
or slightly greater in dilute acid. 

In the practice of this invention as a con- 
tinuous process, production rates are maxi- 
mized while maintaining a high selectivity 90 
to the ketone product by rapid removal of 
the ketone product from the sites of reaction 
so as to avoid a buildup of ketone in the 
electrolyte contacting the one or more anodes 
of the cell. This is of critical importance 95 
where the ketone is acetone. In the produc- 
tion of acetone in accordance \nth this 
invention a low ketone to alcohol ratio is 
maintained in the electrolyte, e.g. in the 
range of firom 1/20 to I/I06 or smaller, 100 
preferably not greater than 1/50. With 
higher molecular weight ketones it surpris- 
inghr has been found that much lu'gher ketone 
to feed ratios will not adversely affect the 
reaction, e.g. 3 /I or greater. ' 105 

In batch processes selectivity to the ketone 
product may be obtained by calculating the 
degree of conversion from the total quantity 
of electricity flowing from the anode of the 
cell and limiting the reaction time. HQ 

Control of ketone concentration in the 
electrolyte may be maintained by continu- 
ously removing electrolyte from the cell, 
separating the ketone product from the 
electrolyte and unreacted feed by conven- 115 
tional separation techniques sudi as distil- 
lation, extraction, etc., with tlie electrolyte 
and unreacted feed recycled to the cell. In 
an alternative method, the product mav be 
separated from the electrolyte by operating 120 
the cell Avith an electrolyte temperature that 
admits of distillation directh' from the cell. 

In the present process, the conditions of 
reaction may be controlled to favor electro- 
chemical reaction over chemical reaction 125 
and through this and control of product 
removal the high selectivity to the desired 
ketone is achieved. High selectivitj^ to the 
ketone .product requires pFeser\'ation of the 
original carbon skeleton of the feed both 130 
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duping agod, e^ec. fornMtioa bf tho' Ij^etOAe 
product. The operating temperature ia 
pre ferably cofttroUed. to provide a liigh rate 
of cottvcrsion of tbe alcohol o^ oiefijo, feed 
o wliilc avoiding oxid<atioa of atv}* signifipaat 
quantities of the ketone product. T\\v\^ 
e:cp^C6Scd Lp» futtctiooal tem;a the j^eaction 
shcwdd be carried aut at a fuel cell tempera- 
ture above thii initiatioA teaiperati\re re- 
10 quired for self-starting of a fuel cell reaction 
atttl below the correspoAldi^^§ temperature at 
whkh aUiOdiq oxidation of the correspondixxg 
ketmo U. initiated. In certain enp^bodiment^, 
however, whero a greater output of electricf^l 
15 energy product is desir^ a portion of tlie 
ketone product may be oxidked to, carbon 
dio:3cide which will ejcet itself from a,a fi^cidip 
electrolyte. In general, the process is prefef- 
ablj' carried out at a temperatwipe between 
20 75** F, and 250' F., and mo3t preferably be- 
tween ISO^'F. and 185'' F. Conversion is 
obtainable a& low as 35* F. w|th sooqe aacri- 
fice> in the rate of reaction. 

In the practice qf this invention, co^ven- 
25 tional fuel cell apparatus may be employed. 
The vessel should 1x5 constructed of a material 
resistant to the electrolyte employed at the 
temperature of operation, Suitable ^lateri^s 
include stainless steel, glass, earthenware, 
30 ^ncL various polymeric soljds. Where the 
vessel ia consti-ucted of stainless steel or other 
conductive material, insulation in accordajipe 
with conventional electrical circuitry w^o^ld 
be employed to Avoid short-circuiting bet>re.en 
35 the eleptrpdes. 

The electrolyte provides ionic con4itptan.ce 
between Anode and catjiodc and he 
divided by an ion permeable fuel barrier, 
e.g. an ion exchange mjembrane, into ^n 
40 anolyt^ and cajtluplyte. In a cell so divided 
the feed is admitted to the ^.nojyt.e. f^n 
undivided electrolyte Jthe fuel is ih free .circju- 
lajbioa in the single electrolyte. Co^dj^cting 
mejans are employed to establish elecjbrical 
45 connootign bptween ^anode Aixd catjiiode ex- 
t0Tu^l to the electrolyj^e. The oxidizing g^s, 
e.g. piyr^ oj^tygen, air, oth^r mixtiires .of oxy- 
^en wiJth inert gases such .ag ^jfrpgep, efip., 
is admitted to the interface formed at jfcjie 
50 mjeetLag of ^hpde with ejle.ctixDjj'te. ?Vith 
tJUs admission of oxygen to the Q^thoide and 
coi>.taat .of feed-electrolyte solution with the 
ijtiiade At the temperati^ires of opexa.tion herein- 
bejgsre set forth an,eleptcQcheiniQai r€t9,atipn is 
55 ioijtiarted. EJ.ectrpas .ajse released .vpon the 
^wi^e of the Ai>Qde upon dehydrogenatjion 
.of !t^e feed and tliere ja .a net £o\v'of .siiich 
.elekcteaps to the .aaode .tjbxovigh rjeaistaAce. 
jElleo^ic.al pawer so g^cuc^^ted in passing 
fJO thiraugh such resista»ace may be reco.v^d as 
tusefui work. The ketone product formed by 
sviob dtaliydro^enatip^i may »be. -recovered from 
the electrolyte by ow of the mcfikps h^ein- 
b^Qicc .disQvssed. 
t05 .CQav€yg;,tA9^.ftl /uel ce.U e|ectrpd(^s ©ay be 



emiloyccl comprUii?g. fpK ii^sjtan^e, a i3orou.<i. 
coTDoji base impregnated witJx the dpsire^l 
metaUcontaining cat-alys.t, a ipprous metal 
ahept, or a m,ctal bo^c of the dosirpd cpn-] 
figu^tion upon which t\ suitable catalyst has 70 
been deposited. 

In an acid medium, both the impdc and 
cathoile cat-a,l}i*sts are preferably platinum 
comprising catalysts, and may be. deposited. 
i^poA carbon pr ^mploypd over a metal ba^v. 75 
The ter^Q platinum comprising catah-sts ** 
as used herein includes platinum alone and 
m adz^ixturc with other nqble metals, especi- 
ally gold ftu.d/or iridium. Other cpnvon- 
t;ip^(il fuel cell catalj'sts, ho\vcyer, may \>fi 80 
used chposing material.^ no.t attacl^^d by 
the ^ectrojyte employed. 

In the practice of thu* iuventipu in an 
electrolytic c^ll, i.e. wherein electrical energy 
requisite fpr the dehydrogpnatipn reaction is ^5 
supplied from an outside source, essentially 
the same eqqipment may be employed. * In 
this embodiment a sjoinrce of direct current is 
CQimected to the cathode of the cell and the 
admission of oxygen to the cathode to acti- 90 
vate the cathodic half- pell reaction plimi- 
nated. The operational potential as Avell as 
the pther operating conditions are maintained 
within the ranges hereinbefore set forth in 
disctissjng the reaction in a true, fuel cell 05 
system. In this process hy^-drogen is evolved 
from tlie eleptrol^^ and may bp recovered 
overhead by conventional means. ' The re- 
aotions of tliis embodiment in the conversion 
of secondary butanol to metiiyl ethyl ketone 100 
in HaSOj Jiiav be \\Titt«n as follows :— 
:4noae : ^ C^H „dH -V C^H^O -r 

Cathode: 2H^-r2e ^-^H.^f. 

Jjfi contrast th.e sanie alcohol conversion in 1.05 
a fuel cell systeni may be expressed as 
fbUows tr- 

Afiode : CJELjOS >- CjH^O -5- 

2JEi--r2e~ 

C(i^fiode : 1 ;2 -t-29+ -f 2^ — 1 10 
H.O 

In accordance with one .embodi^jent of 
the inyep.tion, the alcohol feedsto.ck ia pla^ced 
ji^t;i solution in the aqueous electrolyte. 
.Ordinarily, this electrolyte will consist 115 
^sentialiy pf water and sulfuric .acid. Ajiy 
.Siubstance rDa3- be included* in tlie solution, 
however, which does' not adversely aifect "the 
.^ectrpchemicai clehydb:ogenatio,n pf the alco- 
Jiol feed to -^he ketone product pr adversely 120 
affect the over-all operation of .the elecffo- ' 
chemical reactor. 

The secp^i(?ary alcohol feedstocks of the 
present invention preferably consist of those 
secondary alcohols having an appreciable 125 
soiubiiity in the aqueous eiectrolyte at 
operating temperatures and pressiares .with- 
out the .addition of mutual solvents, e.g. 
lower molccvlair weight alcohols, o,jr cmulsi- 

7he solubility of secondary olcoliols 130 
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in aqueous solutions of sulfuric acid increases 
with the concentration of H2SO4 therein and 
C3 — Co aliphatic secondary alcohols are par- 
ticularly suitable feedstocks for this process. 
5 Alcohols up to C| 3 or higher can be converted 
to ketones in accordance with this process by 
employing various operational techniques 
including oi^eration at elevated pressures, 
the use of mutual solvents, e.g. ketones of 

10 the same or lower molecular weight or lower 
molecular weight alcohols, emiilsification, 
agitation of clectrol^'to, etc. 

The concentration of alcohol in electrolyte 
in the process of this invention may vary 

15 over a wide range from minimum amounts 
necessary*- to sustain cell activity and main- 
tain ketone production up to solubility limits 
of the chosen alcohol feed in the e1ectrote[y 
employed. The choice of concentration will 

20 be somewhat affected by solubility of the 
alcohol feed and the temperature of operation. 
However, an adaptability to provide reason- 
ably high rates of electrochemical dehydro- 
genation coupled with considerations for sel- 

25 ecti\'ity of conversion to ketone product 
constitutes the controlling criteria. The alco- 
hol concentration in electrolyte should prefer- 
ably be in the range of from 0.5 to 5 moles per 
liter or greater, particularh' desirable are 

:iO concentrations in the range of from 5 — 8 
moles /liter. 

According to another embodiment of the 
present invention, the selective electro- 
chemical production of aliphatic ketones can 

35 be obtained from the corresponding olefin 
without the separation of any intermediate 
product. According to this embodiment, an 
olefin is contacted with an aqueous sulfuric 
acid solution, the acid solution employed as 

40 the electrolyte of an electrochemical reactor, 
and the absorbed olefin and /or a hydration 
derivative thereof converted to the corre- 
sponding ketone. The process may be 
carried in a fuel cell system from an olefln- 

45 comprising feedstock in a sulfiu-ic acid 
medium with the simultaneous production 
of a ketone and electrical energy or in an 
electrol^'tical cell with the production of a 
ketone and pressurized hj^drogen of high 

50 purity-. The ketones may also be produced 
from normal olefins contained in a hydro- 
carbon mixture wliiclx also contains iso- 
olefins by selectiveh'- extracting such iso- 
olefins from such mixture and sending such 

55 n -olefins directly to the sulfuric acid electro- 
lyte of an electrochemical reactor as a gas 
or liquid. 

Beferring to the accompanying dra^vings. 
Figure 1 is a schematic side view of a simpli- 
60 fied fuel cell which may be utilized as an 
electrochemical reactor for carrying out one 
embodiment of this invention. 

Figure 2 is a schematic side view of a 
simplified electrolytic cell which may be 
65 utilized as an electrochemical reactor for 



carrying out another embodiment of the 
present invention. 

Figure 3 is a schematic fiowplan illus- 
trating processing of a mixed hydrocarbon 
stream in the production of ketones in 70 
accordance with tnis invention. 

. While Figiun^s 1 and 2 arc equally- appli- 
cable with either an olefin or an alcohol feed, 
the following specific discussion will be 
limited to the use of an olefin feed. 75 

In Figure 1 there is shown a vessel 1 con- 
taining an aqueous sulfuric acid electroh^e. 
Cathode 2 divides vessel 1 into an electrolj'te 
. zone 3 and an oxygen receiving compartment 
4. Compartment 3 is here shown divided 80 
into an anolyte compartment 3A and a 
catholyte compartment 3B by an electrolyte 
divider 5. This divider may be an ion- 
exchange membrane, a porous glass plate or 
other means admitting of ion transfer but So 
suitable for retaining In the anolyte, a major 
portion of the organic materials admitted to 
compartment 3A, e.g. olefins and their re- 
action products. Divider 5 is not essential 
to the process but improves reaction rate if 90 
the cathode cmjployed is adversely affected 
by contact with the organic reactant. 
Cathode 2 is a porous carbon plate impreg- 
nated with a platinum comprising catalyst, 
e.g. 95% platinum and 5% gold. The larger 95 
pores of this electrode are coated with a 
suitable wetproofing agent, such as poly- 
tetrafluoroethylenc. Within anolyte com- 
partment 3 A is positioned anode 6, an acid 
resistant metal sheet surfaced with a coating 100 
of platinum black. It is preferred to employ 
at each electrode a platinum-comprising 
catalyst which may be platinum alone or an 
alloy, or mixture of platinum with other 
metals, particularly gold and /or iridium. In lOo 
such mixtures platinum is the major com- 
ponent by weight wliilc the other metal or 
combination of other metals constitutes a 
minor component by weight, e.g. 1 to 10%. 
However, it is within the scope of this inven- HO 
tion to employ any of the acid resistant fuel 
cell catalysts known to the art for use in the 
reduction of oxygen at the cathode or oxida- 
tion of an organic compound at the anode. 

In one embodiment of the invention air is 115 
passed into oxj'^gen receiving compartment 
4 via conduit 7 in an amount preferably in 
the range of from 50 to 200% of the stoichio- 
metric requirements of the fuel cell reaction. 
Oxygen diffuses through porous cathode 2 120 
and forms with the electrolj'te and cathode 
2 a three-phase contact or interface. Excess 
ttir, oxygen, depleted air and absorbed water 
vapor is exhausted from comx)artment 4 via 
conduit 8. A n-olefin, e.g. butene-I, is 125 
admitted to the anolyte via conduit 9 as a 
gas and absorbed by the sulfuric acid therein. 
The resulting solution containing the Indra- 
tion products of such union of acid and olefin 
is brought into contact with anode 6 where 130 
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ketone, in this case methyl ethyl ketone, 
3 formed. Wlien oxygen is in contact with 
the electrolyte at the reaction sites on 
cathode 2, the olefin-acid comprising solution 
o is in contact with the reaction sites on anode 
6. Wires 10 and 11 are conductors from 
electrodes 6 and 2, respectively, and together 
with a resistance means 12 complete the 
electrical circuit. Besistance- means 12 may 
10 bo any power-consuming device for utilizing 
the electrical output of this process and, if 
desired, may be nothing more than the con- 
ductor establishing electrical connection be- 
tween the electrodes. 
15 In this embodiment the cell may be 
operated so as to remove the ketone overhead 
via conduit 13 at a temperature suflFicient to 
give a significant vapor pressure of the 
ketone above the electrolyte. The product 
20 in conduit 13 together vdth other vapors 
carried overhead from the cell is passed to a 
product recovery zone for separation and 
purification external to reactor vessel 1. 
However, it is to be understood tliat the 
25 process may be carried out so as to remove 
the ketone as a liquid by continuously with- 
drawing electrolyte, separating product and 
recycling the electrolyte to the reactor. It 
is also within the scope of this invention to 
30 absorb the olefin in the electrolyte outside 
the cell, introducing both in a common 
stream. It is within the scope of this inven- 
tion to channel the product recovery stream 
from a large number of cells to a common 
35 recovery unit. 

It is further to be understood that although 
the reactor of Figure 1 is an operable device 
for practicing this invention, it is a greatly 
simplified adaptation of apparatus that Avould 
40 be used for large-scale production and that a 
large number of such cells may be connected 
either in bipolar or unipolar arrangement in 
series and /or parallel to provide an industrial 
reaction unit. 
45 In Figure 2 a power-driven electrolvtic 
cell is utilized for a different embodiment 
wherein an olefin absorbed stream of aqueous 
sulfuric acid is admitted to reaction vessel 
21 via conduit 20. In the alternative, the 
50 olefin may be admitted to electrol>i;e in 21 
as a gas via conduit 20. The electrolyte 
concentrations applicable for use in the fuel 
cell aforedescribed are equally applicable to 
this reactor. Positioned within vessel 21 
55 are anode 22 and cathode 23 comprising metal 
sheets upon which has been electrodeposited 
a coating of platinum black. Electrodes 22 
and 23 are connected w^th wires 24 and 25. 
respectively. Wires 24 and 25 pass out of 
60 vessel 21 through insulators 26 and 27, 
respectively, and are connected with a direct 
current electrical power source 28. Power 
source 28 may be any source of direct electric 
current, e.g. storage batterv, power-produc- 
65 ing fuel cell pack, rectified alternating current, 



etc. Electrical energy, e.g. with a potential 
of from 0.5 to. 1.65 volts, is admitted to 
cathode 23 from power source 28 and the 
conversion of the absorbed olefin to ketone* 
as h^inbefore described, is initiated at anode 70 
22. When electrical energy is admitte<l to 
cathode 23, as before mentioned, hydrogen 
gas is evolved from the clectrol>'te solution 
(aqueous H0SO4) »t cathode 23 and such gas 
exits from the cell via conduit 29. A pressure 75 
control valve may be associated with conduit 
29 providing means for utilizing the hydrogen 
evolved to pressurize the reactor and to per- 
mit recovery of high pressure hydrogen. 
Baffle 30 is positioned across the top of the 80 
reactor so as to extend below the upper 
surface of the liquid electro lyte-reaction mix- 
. ture or solution. Baffle 30 is so positioned 
to prevent any appreciable transfer of hydro- 
gen evolved at cathode 23 to anode 22 where 85 
it would react electrochemically. A side 
stream comprising ketone, secondary alcohoL 
the corresponding organic sulfate, olefin and 
sulfuricr' acid is removed continuously from 
reaction vessel 21 via conduit 31 and passed 90 
to a product recovery unit. As in the fuel 
cell, reactor product may be recovered over- 
head as a gas when the product and the 
conditions employed make that possible. 
Product recovery may be effected by distil- 95 
lation, extraction and other conventional 
liquid separation techniques. The acid, 
olefin, sulfate and secondary alcohol may be 
recycled to the cell after separation of* the 
ketone. JOO 

If the starting material used is a secondarv 
alcohol instead of an olefin then the conduits 
sho^-n in Figures I and 2 for the introduction 
of the olefin will be used to introduce the 

alcohol. IQry 

Referring to Figure 3. a refinery stream 
comprising a mixture of hydrocarbons con- 
taining iso-olcfins and ;i*olefins is passed via 
conduit 41 to iso-olefin extractor 42. This 
stream ordinarily wUl consist mainlj- of 110 
hydrocarbons having the same number of 
carbon atoms per molecule, e.g. a mixed 
stream containing isobutylene, 7i.butv]encs. 
?t- butane and isobutane. Hydrocarbon 
streams containing both 7i-olefins and aro- 115 
matics preferably should be pretreated. e.g. 
with a selective solvent such as phenol, to 
remove the aromatics before carrying out the 
present process. WTicn minor amounts of 
hydrocarbons of different carbon number are 120 
present in the feedstock, their concentration 
should be minimized so far as the economics 
of separation permit. The iso-olefin extractor 
42 comprises one or more, normallv three, 
reactors or mixers each followed" by an l->5 
emulsion settler, an emulsion circuiatioa 
pump and coolers. Alternatively the iso- 
olefin may be extracted from the mixed 
hydrocarbon stream in a countercurrent 
operation emplo\'ing a packed tower. In 130 
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this uoifc the hydrocarbon mixtture is con- 
tacted in liquid phase mth 60 to 70, prefer- 
ably 63 to 6S and most commonly 65, XFt. % 
sulfuric acid to extract the iso-olefin. Thjs 
extraction is preferably carried out at from 
70* F. to 110^ F. to yield an iso-olefin acid 
extract. In the case of a C4 stream an ex- 
tract is removed containing fiom 1.3 to 1.4 
moles of isobutylene/mole of H3SO4 and the 
extraction is carried out in stages at tempera- 
tnrcs in the range of 70'' F. to 100"* F. 
Contact of the hydrocarbon mixture with 
such acid includes countercurrent flow and 
or jet mixing. The reaction of an iso-olefin 
with sulfuric acid is much faster than that 
of the corresponding 7i-olefin under these 
conditions. Holdup time in iso-olefin ex- 
tractor 42 can therefore be terminated before 
any appreciable quantity of Tt-olefins is 
absorbed. The iso-ole&n /acid extract is 
removed from iso-olefin extractor 42 via 
conduit 43 and pa>ssed to iso-olefin regenera- 
tion and recovery unit 44, while the un- 
absorbed remainder of the mixed hydro- 
carbon stream, i.e. -n-olefins and paraffins, is 
passed as via conduit 45 to electrochemical 
reactor 50, This stream may be vaporized 
in a separate subunit of extractor 42 or at 
any point between extractor 42 and reactor 
50. 

Regeneration unit 44 ordinarily will com- 
prise a degassing drum and a regenerator 
tower whicii are not individually shown in 
the drawing. The iso-olefin /acid extract is 
normally heated by the injection of steam 
and passed to the degassing drum to flash 
off parafhns which take with them some 
olefins. The degassed extract is then pumped 
to the regenerator tower where water is in- 
jected into the top of such tower to control 
the top temperature while a steam sprav is 
admitted at tJie bottom thereof to maintain 
a temperature of 250=^ F. An overhead stream 
from regeneration unit 44 is passed via con- 
duit 46 to an iso-olefin finishing unit, not 
shown. The sulfuric acid in regeneration 
unit 44 may be diluted in the recovery of 
iso-oiefins to 46 wt. % or less and this diluted 
acid id passed via conduit 47 to acid reconcen- 
tration unit 48 where it is reooncentrated by 
means well known in the art, e.g. distillation, 
to the desired CO to 70 wt. %, preferably 65 
wt. %. Reconceutra ted acid may be recycled 
via conduit 49 to iso-olefin extractor 42 or 
I>assed via conduit 63. valve 59, and conduit 
60 to electrochemical reactor 50 for use as 
electrolyte therein. Electrochemical reactor 
50 comprises at least one, and preferably a 
pluxahty of fuel cells or electrolytic cells 
which may be connected m series and /or 
paraUel. Each mdividual cell m such reactor 
comprises an anode and a cathode which are 
spaced apart with a sulfuric acid dectrolvte 
providing means ibr ion transfer betw^n 
such ekctrodes. The cell packs may be 



constmcted so as to oozmect cells to each 
other by either simple mupolar coimection 
between anode and cathode or bipolar con- 
nection for series connection wherein conduc- 
tion is provided firom one electrode of one 
ceU to the opposite electrode of another M ith 
single terminal conductors at opposite ends 
of the cell pack forming the terminal leads 
for an external circuit. Tlie cathode of the 
fuel ceU will preferably comprise a porous 
acid resistant structure through which oxj'gen 
can diffuse to contact the electrolyte, e.g. 
porous carbon impregnated with "an acid 
resistant metal catalyst, a porous organic 
membrane that is acid resistant and which 
has been surfaced ^vith a continuous layer of 
acid resistant metal to serve as both the 
electrode conductor and catalyst, or porous 
metal structures suitably designed. The 
cathode of the electrolytic cell need only be 
of an acid resistant material which is a good 
electron conductor and may take the form of 
a metal sheet or grid. It may be coated with 
a suitable catalytic salt or metal to reduce 
the voltage required for the cathodic process 
in a manner well knoMH in the art. The 
anode requirements are the same for both the 
fuel cell and the electrolytic cell. Since the 
reactant feed is soluble in the electrolyte 
there is no necessity to employ a porous* or 
diffusion tj^pe anode to bring the ketone 
yielding material into simultaneous contact 
with the anode and the electrolyte. How- 
ever it is ofben advantageous *to employ 
porous structures to obtain a greater number 
of reaction sites per unit area. 

The cell or cells, may be operated at tem- 
peratures as low as room temperature and 
below, e.g. 35"* F., at atmospheric pressure to 
temperatures in the range of SOO-" F. to 105 
400 F. It is preferred, however, to operate 
at temperatures in the range of from 75*^ F. 
to 250° F. and, more preferablv, in the ran^e 
of 120* F. to 185' F. Operation at atmos- 
pheric pressure eliminates the complexities 
inherent in designing and controlling a 
pressure resistant reactor but certain" re- 
action rate advantages are to be obtained at 
elevated pressiire, e.g. between 1 and 50 
atmospheres. While temperatures below 
75** F. provide a clean, hi^ly selective re- 
action, the rate of reaction is markedly 
decieased. Care must be exercized when 
operating at the higher temperatures men- 
tioned, i.e. above 180** F., to control acid 
concentration and product removal to avoid 
excessive pol>'mer formation, etc. 

M&keup TOter or water for dihition may 
be admitted to reactor 50 via conduit 61 
v»lve 62 and conduit 60. 

Ketone product, together with the much 
less reactive paraffins in the stream, may be 
removed from electrochemical reactor 50 
with electrolyte via conduit 51 and passed 
to a product recovery unit 54 where the 130 
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paraiBnd and ketone are separated ftom the 
deotral^i:* which is recycled to the reactor 
via conduit 58, valve 69 and conduit 60 to 
electrochemical reactor 60. The paraffins 
are separated from the ketone product and 
passed frora tho system via conduit 56. A 
crude ketone product which includes secon- 
dary butanoJ is passed via conduit 55 to a 
ketone finishing or purification unit, not 
shown. The secondary alcohol may be re- 
cycled either from unit 54 or the afore- 
mentioned finishing unit to the electro- 
chemical reactor. In the altemativo. electro- 
chemical reactor iK) may be operated so as 
to remove the ketone product overhead as 
a gas or vapor stream via conduit 57 and 
thence to product recover^' unit 54. In tins 
embodiment the relatively unreactive para- 
ffins pass overhead with the ketone and 
facilitate recovery of the ketone functionincr 
as a stripping gas. ^ 
When the process of tliis invention is 
carried out in an electrolytic cell that con- 
sumes electrical energy supplied from an 
outside source, the electrical energy supplied 
to the cathode is controlled so as to be in- 
sufiEicient to initiate oxygen evolution from 
the electrolyte so as to avoid imdesirable side 
reactions. This will allow for a cathode 
potential of 1.65 volts anodio with respect 
to standard hydrogen reference or slightly 
higher depending upon the acid concentration 
of the electrolyte and the process will 
ordinarily be carried out in tho range of from 
0.5 to 1.6 volts anodic to such reference 
The process in the electrolytic cell is con- 
ducted so as not to efifect any material change 
from the anodic half-cell reaction occurring 
when the process is carried out in a power- 
producing fuel cell. 

In the choice of an olefin feedstock for use 
in tlu5 process of this invention, the highest 
Reactivity to a single ketona product is 
obtain^ by employing the corresponding 
normal olefin. Thus propylene is employed 
for the production of acetone, butene-1 or 
butene-2 for producing methyl ethvl keteme, 
the n-pentenes for produeii^g methyl propyl 
ketone and diethyl ketone, the ».-hexenes fi» 
producing meUiyl butyl ketone and «thyl 
propyl ketone, etc. It is within the scope of 
this mvention to preabsorb the olefin into 
the aqueous sulfuric acid solution external 
to the reactor so that the olefin feed and the 
acid electrolyte are admitted to the electro- 
chemical reactor combined in a single solu- 
tion. It is also within the scope of this 
invention to introduce the electrolyte and 
the olefin separatdy to t*ie reactor as by 
passing olefin gas into ihe ele^rdyte either 
wi^in a «one in commimication with the 
anode of the c^l or wittiin a separate com- 
partment within the eeli from whence the 
resuHing sohitjon jcoay be circxriated after 
contacting the anode. When tlie olefin feed 



is fed continuously to the coll as a .separate 
stream, absorption will, of course, occur at 
the operating temperature of the cell, i.e. 
the electrolyte temperature. The tempera- 
ture employed should take into consideration 
the acid concentration employed with the 
higher temperatures employj-cd with the more 
dilute acid and vice versa. E.xcessivc con- 
tact between olefin and acid should be avoideil 
particularly at elevated temperatures and the 
time of contact prior to admission to the cell 
preferably is as short as effective extraction 
permits. When operated as a continuous 
process the ketone product may be removed 
from the cell as formed, and in the particular 
case of acetone production, should be removed 
as quickly as possible so as to avoid the 
buildup of acetone in tho ceil. With higher 
molecular weight ketones a much greater 
concentration of product can be tolerated 
Tidthin the cell without reducing the rate of 
electro-chemical conversion, thus making 
possible more flexibility with regard to 
products recovery. For instance, in the 
production of methyl ethyl ketone from 
n-butylenes in accordance with this process 
ketone to olefin and /or alcohol ratios of 3/1 
and higher do not adversely affect the re- 
action to any noticeable degree. 

With normal modifications in accordance 
with molecular weigJit, solubility' character- 
istics, etc. the process of this invention may 
be effectively carried out to produce a wide 
variety of ketones, e.g. C3 to Ci. or higher. 
The process is applicable to C4 to aliphatic 
ketones and especiaUy to Cj— aliphatic 
ketones. Various operational techniques mav 
be employed to maintain the effectiveness of 
the process where the alcohol formed bv 
hydrolysis of the absorbed olefin has a 105 
twidency to separate from the electrolvte. 
These include operation at elevated tempera- 
tures and jwressures, control of acid concentra- 
tipn so that the alcohol solubility is increased 
with increased acid conjcentrations or so that 
the rate of hydrolysis is essentially equal to 
the electrochemical oxidation rate, thorouc^h 
mizing of reactants and eleet«oiyte via re- 
cycling, etc. and cell design. 

In the production of certain higher mole- 
culor weight ketones by this process the 
ketone product will separate from the elec- 
trolyte forming a separate liquid ^Aase. In 
such embodiments it is within the scope of 
this mvention to remove such ketone from 
this separate liquid phase as a liquid side 
stream from the cell essentiallv free of 
electrolyte. 
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EXAjVIPUS i. 

Jn a fuel cell containing an aqueous sulfuric 125 
acid electrolyte separated info an anolyte 
and catholyte by an " Alundum " thimWe, 
electrical energy was generated using iso- 
propanol fuel. ^ Alundum " is a Registered 
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Trade Mark.) The anode employed was a 
platinuxn sheet upon which platinum-black 
had been electrodeposited. The cathode 
employed was a porous carbon cylinder 
impregnated with a platinum and gold cata- 
lyst containing 05% platinum and 5% gold. 
The initial concentration of isopropanol in 



the anolyte was 1 mole per liter. The con- 
centration of sulfuric aoid in both the anolyte 
and catholyte was 1 mol per liter. The 10 
elec^lyte was removed fix>m the cell and 
analyzed. The conditions of cell operation 
and the results of such operation are set 
forth in Table I. 



Table I. 

PBODUCXrO^f OP ACETOarE FROM ISOPaOPANOL. 



20 



25 



30 



Temperature, **F. 

Piressures, atmospheric, absolute . . \[ [' 
Lutial concentration of fuel in anolyte in mols /liter 
Total weight of anolyte, in grams 
Concentration of HaSO^ in electrolyte in mols /liter 

Reaction time, hrs. 

Anode surface, fl.^ 

Average current drawn (amps. /ft.« anode) [ [ 



Load Voltage, 

Anode vs. Hg reference electrode 
Cathode vs. reference O, electrode 
Anode vs. theoretical 0^ electrode 
Anode polarization 



Anolyte Product, Wt, %. 



35 



Isopropanol 
Acetone 
Other organics 



COa collected, grams 



Anolyte Carhon, % Found as. 
Isopropanol ... . 
Acetone 



40 



45 



Prodticts, Mol % Distribution. 
Acetone 
CO^ 



Example 2. 
To determine the effect of acetone concen- 
t^tion m the electroljrte on the electro- 
chemical dehydrogenation of isopropyl alco- 
hol vaiymg amounts of acetone were added 



71—74 
I 
1 

145 
1 

26 

0.035 
2.5 



0.68—0.86 
0.82—0.87 
0.56—0,38 
0.66—0.84 



1.44 

1.14 
None by mass 
spectrometry 
0.0052 



54.7 
44.8 



»0.7 
0.3 



to the electrolyte as the fuel cell reaction of 
isopropanol described in Example 1 was 
initiated. The effect of acetone concentration 
measured at a constant anode polarization 50 
are set forth in the following table : 

Table II. 

EPFECT OP ACBTOXE CONCENTRATION ON BEACTION BATE OP ISOPROPANOL 
^ ^^EL CELL AT 0.6 VOLTS POLARIZATION. 



Mol ratio 
alcohol to acetone 



Ampere /ft.^ 
anode surface 



60 



'65 



No acetone 
100/1 
10/1 
1/1 

ExAj^rpLE 3. 
The procedure of Example 1 was repeated 
except that the cell was fueled with acetone 
to determme the temperatures required for 
the further oxidation of acetone product. 
At room temperature (75« P.) no reaction 
occurred. The temperature was increased 



20.5 
14,3 

4.8 

0.172 

and electrochemical reaction of the acetone 
was initiated at 180** F. This clearly estab. 
Iishes that the preferred operating range for 
^e electrochemical production of acetone 
from isopropjd alcohol so as to aroid fuel 
loss to carbon dioxide is in the range of from 
room temperature to 180** F. 
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Example 4. 
Other alcohols were reacted in accordance 
with the process of this invention. The 



conditions of reaction employed and the 
results obtained therefrom are set forth in 
the following table. 



Table HI, 

BLECTBOCHSHICAI. CONVEBSIOyS OF SECONaEY ALCOHOLS TO THE 
CORRESPONDING KETOKES IN K3SO4. 



10 



-^^<^o^o^ C, (^) C4 (*) C4 (*) C, («) 

Aqueorus Anolyte, 

Tnel moles /liter .... 1.0 1.0 10 10 

HflSOi, moles /liter 1.0 0.5 0 5 To 
Catholyte. 

H3SO4 moles yUter .... 3.7 0.5 0.3 10 

Catelj^t, anode . . . . , , Platinum black on platinum sheet ^ 

Cathode (3j m J[ 

Temp,.^F 71-74 75 180 ^180 

Reaction time, hows .... 27 45 22 2 24 0 

Current avg. amps _ _ 0.087 0.0066 0.223 0 0776 

CouLomba 8.450 1,070 17.917 6,700 

Anode rarface, ffc.« 0.035 0.035 0.60 0 30 

Amj^.ft.^avg. .. .. 2.6 0.19 0.44 0.15 
Load Voltage vs. reference 

Fuel anode -0.77 -0.70 -0.67 -1.25 

Cathode . . . . . . - 0.84 - 0.73 +0.09 0 00 

l^oad volts polarization (S) o.72 0.64 0.61 103 
Selectivity of reacted alcohol^ mole 

%» 

SP? 3-^ 1-S 9.3 
9fl.tf (») 96.6 98.2 O 90.3 

{^) Isopropanol, 
(2) Butanol.2. 

(») Air or oxygen breathing cathode oonsisting of a 2' diameter x 4' height porous 
carbon oyhnder impregnated with a platinum-gold catalyst. 

(■*) A 2' diameter 52 mesh platinum screen electrode— these runs powered by 
rectified alternating current. 

(*) Polarization below theoretical voltage for complete oxidation in the H«SO. 
strength mdicated in the anolyte. 

(•) Acetone. 

(^) Methyl ethyl ketone. 
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Example 5. 
The effect of varying current density on 
selectivity to methyl ethyl ketone and carbon 

45 dioxide in the process of this invention was 
studied by carrying out electrochemical 
oxidation (dehydrogenation) of secondary 
butanol in accordance with the general pro- 
cedure of the preceding examples wmeh 

50 employed an electrolyte cell. The course of 
electrical power was again rectified alternat- 
ing current suppUed to the cathode of the 
ceU at a potential of 1 volt. The electrolyte 
employed was aqueous sulfuric acid (65 wt. 

55 % HaS04) to which secondary butanol was 
added until the resxilting solution contained 
7 moles of secondary butanol per liter of 



electrolyte • alcohol solution. Secondary 
butanol is completely miscible with aqueous 
sulfuric acid solutions containing above 10 60 
wt. % H2SO4 at room temperature, i.e. 76** F. 
Complete miscibility of higher molecular 
weight alcohols with aqueous sulfuric acid 
require correspondingly higher H2SO4 con- 
centrations. The anode at which such odida- 65 
tion took place was a platinum sheet upon 
which platinum black had been electro- 
deposit^. The current through the cell 
was varied by varying the resistance in the 
external circuit. The temperature of the 70 
electrolyte was 170° F. The effect of vary-, 
ing current density on product selectivity is 
given in the following table : — 
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Tablb IV. 

EFPBOT OP CTOBB2fT DBSSITy OH iBODTTOT SBMCnviTy IX ELECTBOCHESnCAL 
. CON-VBBMOK OF 8EC0in>ilBT BDTAIIOL TO 3IEK*. 



6 XT 1 o/ . % current 

Current ^'""^ti^fT^ ''^to'S*^'- 

10 138 97 3 2-2 0.5 

.230 25.3 

' * 2.1 20.6 

♦ MBK =r methj'l ethyl ketone. 

densitv. Runs we« made ^v•ithlolutto^f pheS i£ Sec? of.ffi'"^ 
20 secondary butanol in aqueous sulfuric aoM «t * effect of. alcohol concentration 

Table V. 

CONCENTRATION ON CC7RRENT itESSSTX IN BLECTBOr.«.K 
SOLUTION IN ELECTBOCHEftllOAL CONVERSION OF SECOimLv B^^^L 1^ 
• METHYL ETSm. KETONE. 

35 Alcohol Concentration. '• ~ — 7~~ 

Sec-butanol moles /liter g ^ ^ 

Add Concentration. 

Wt. % H»SO^ (Based on H,0&H^O. only) ' 55 
Open circuit voltage (») . . *^ * ■ °° 60 

- .30 - .40 - .36 

40 Current Density. 

Amps, . ft.* (?) at polarization (») of. 

0.8 volts . ' in 

0.9 volts .. ■ 9f 63 

1.0 volts . . 213 
• 42o 333 27« 

^ ii? ^' ^J*"*^** Hydrogen Reference. 

( ) Based on superficial anode surface in contact with electrolyte solution. 

Ketones were^plS^Si dectrochemicaUy ^i^eT'lmlSS^i ^^h^*^, ^ 

from a variety of ole6n feedstocks in thi ^«vSkL1 l2 . . . ^''^ P^- 

50 foIIo.ving mailer : Aqueous suSSifadl fK^wTA?^?^.''"'^ *° 

.electrolytes ranging in^ concentration frS efflu^f ^L^'^f "i^'^^- S^^eous 

0.6 to 12 mol^ H^O, /lit^r empl?^ Sd a^r sevLl ho..^ "'^"T^^ 

m a power driven electrolytic cell The thlT^rS^^K^ i • i^'^®^*' ^o"" operation 

anode employed in such cell a^latinum electrolyte were analyzed. 

55 sheet upon which platinum bSdc £d been ditl^n, f ^^^^ con. 

electrodeposited while the cShode was a fbSdT^ J^tl'^*"'^ P"?^"*'* distribution 

platinum wire screen. The souri of pSwe? ^^tt^^.^lT"'^'^'°'' 

. was rectified alternating current at an averse ^tt«?^^ f?!.*** *i4«>«e8ponding ketones, 

potential of 1 volt. ^In one emSSS ^as admitt^ to the 

60 electrolyte was placed in the ceU and the ^ " * 
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Table VI. 

SIiDCTBOaBEMZCAXi FBOOITOTIOK OF K£T02r£S FBOM Ol«£FX£rs 
SIKGIiS STAOB PBOGESS. 



Reaction temp., **F 

6 Cono. of electrolyte, moles H2SO4 /liter 
Olefin feedstock . . 
Ketone produot 



10 Product selectivity 
To ketone, mole 
To CO,, mole % 



8 

propylene 
acetone 



> 50 



— 180 — 

10 
batene-2 
methyl 
ethyl 
ketone 

> 70 
8—18 



10 

pentene-2 
methyl 
propyl 
ketone 

> 85 
8—10 



15 



This method of olefin feeding was compared with preadsorption of olefin in electrolyte 
employmg bntene.2 as the olefin feedstock. With acid strengths of 6—7 molar andtower 
preadsotption of olefin selectivity to CO3 decreased markedly. With higher acid concentra- 
molar the selectivity to MEK (methyl ethyl ketone) was high by both 
methods as shown in the following table, ^ ^ / e« mjt u^m 



20 



JKCiECTROCHEmCAI. PBODXrCTION OP MBTBnn, SEHYL KETONE FROM BTrrEXE-2 
WITH FBEADSOBPTXON AOT OAS FEED INTO EXiBCTROLyTB OF OFERATiyo CELL. 
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Reaction temp., «F 13q_ 

Cone, of electrolyte, moles H3SO4 /liter 6 1q 

Effect of method 0/ feeding of olefin on product dist. 
Preadsorption at 75** F. 

Selectivity to MEK, mole % > eo > 73 

Selectivity to COa, mole % 6—15 

Gets feed to eUdrolyte. 

Selectivity to >IEK. mole % > 70 ^75 

Selectivity to COg, mole % 23—25 8—20 

A separate oxidation was made with electrode so as to form a three phase inter- 

butene-2 and 10 molar H^O, to^determine face between electrode. electoSJte Sd 

the eflfect of temperature on product selec o^gen. Product selectivity was n^aiS- 

^l onFii® reaction temperature employed ficantly changed as compared to the toW 

was 120° E. The selectivity to MEK was driven ceD. j ^ i>ne power 

slightly increased with a corresponding de- Exa>iple 8 

crease m selectivity to CO,. To further demonstrate' this invention 

The foregoing procedures were repeated in additional runs were made in accordance 

a fuel cell ^ith simultaneous production of with E^^inple 7 except as herein stated 

electrical energy^ by substituting a porous the condition of such runs and the resSte 

carbon cathode impregnated with 1 wt. % obtained are set forth in the foUowin/tfble 

platmum and gold m a 95/6 wt. ratio and The anode catalyst was platinum^fck 

gaseous oxygen was passed through such all runs. 
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Example 9. 
Isobuylene was converted to acetone in 
accordance with the process of the preceding 
examples. The selectivity to ketone was 
o not as great as with 7i*butyienes. ' 

Example 10. 
Employing a processing unit in accordance 
with the flowplan of Figure 3 methyl ethyl 
ketone is produced from n^butylenes from a 
10 mixed hydrocarbon stream utilizing 65 
wt. % sulfuric acid to extract isobutylene 
from the stream at temperatiures in tho range 
of 70 to IOC* F. in a three stage mixer-settler 
extraction unit. The unabsorbed portion of 
15 the hydrocarbon stream comprising n-butane, 
ispbutane, and n-butylenes in a volume per 
cent ratio of 10/40/35 is passed directly to 
the electrochemical reactor to convert the 
7i-butylenes to methyl ethyl ketone. 
- 20 Separate runs are made employing acid 
concentrations in the electrolyte of the 
electrochemical reactor (fuel cells) of 26, 45 
and 65 wt. % H^SO^, respectively. Tlxe 
temx>«rature of the reactor is operated in 
25 separate runs at 120°, ISO** and 250* F, 

In a run employing 5 \vt, % H2SO4 
electrolyte and an operating temperature of 
120"* r. methyl ethyl ketone is produced and 
removed continuously from the cells as a 
30 bottoms stream with electrolyte^ secondary- 
butanoj, and butanes. Tins stream is passed 
to the product recovery unit and subjected 
to distillation to separate the butanes. A 
crude methyl ethyl ketone containing 
35 secondary'' butanol is passed to a ketone 
purification unit from whence the secondary 
butanol is separated and recycled to the 
electrochemical reactor. The electrolyte re- 
covered from the aforementioned distUlation 
40 is recycled from the aforementioned product 
recovery unit to the electrochemical reactor. 

In another run the cell is operated at 
180' F. w-ith a 45 wt. % H5SO4 electroljrte. 
Metli3-1 ethyl ketone and butanes are 're- 
45 covered overhead and separated. 

The term " anodic oxidation " as employed 
herein shall be understood to include anodic 
dehydogenation. 

The t*erms electrochemical cell " and 
50 " electrochemical reactor " as emploj-ed here- 
in shall be construed to include both power- 
generating fuel cells as hereinbefore defined 
and electron^ ic cells which are driven by an 
external source of direct electrical current. 
55 WHAT WE CLABl IS :— 

1. A process for producing a ketone 
which comprises introducing the correspond- 
ing olefin or the corresponding secondary 
alcohol to an electrochemical cell contaim'ng 
60 on aqueous sulfuric acid electrolyte, subject- 
ing said olefin or alcohol to anodic oxidation 
therein while in contact with said electrolyte 
and recovering said ketone from said 
electrolyte. 



2. A process in accordance with Claim 1 65 
wherein said electrochemical cell is a power 
producing fuel cell containing an anode and 

a cathode in contact with said electroh'to 
wherein oxygen is admitted into dual contact 
with said cathode and said electroln^. 70 

3. A process in accordance with Claim 1 
wherein said electrochemical cell is an electro- 
lytic cell containing an anode and a cathode 
in contact viith said electroljrte and wherein 

a direct electrical current is admitted to said 75 
cathode from outside said cell. 

4. A process in accordance with any of 
Claims 1 — 3 wherein the acid concentration 
of said electroljrte is in the range of 0.5 to 

12 moles H5SO4 /liter, preferably 6 to 11.5 80 
moles /liter. 

5. A process in accordance with Claim 4 
wherein the aoid concentration of said electro- 
lyte is in the range of 9 to 10.5 moles /litre. 

6. A process in accordance with any of 85 
Claims 1 — 5 wherein said electrol3rte is main- 
tained at a temperature in the range of 75^ F. 

to 250** F., preferably 120** F. to 185*^ F. 

7. A process in accordance with any of 
Claims 1 — 6 wherein said electrolyte is main- 9<> 
tained at a pressure in the range of 1 to 50 
atmospheres. 

8. A process in accordance with any. of 
Claims 1 — 7 wherein the feedstock is passed 
into dual contact with said electrolj-te and 95 
an anode of an electrochemical cell wherein 
the oxidation potential at said anode is main- 
tained in the range of 0,5 to 1.65 volts anodic 

to standard hydrogen reference, and said 
ketone is recovered from .said electrolyte. 10<> 

9. A process in accordance with "any of 
Claims 1 — 8 wherein said ketone is separated 
from said electrolyte and said cell as a gas. 

10. A process in accordance with any of 
Claims 1 — 8 w^herein said cell is ox>crated at 105 
a temperature below the boiling point of said 
ketone and said ketone is removed from said 
cell as a liquid with said electrolyte. 

11. A process in accordance Vith any of 
Claims 1 — 10 wherein said anode comprises 110 
platinum. 

12. A process according to any of Claims 
1, 2, or 4 to 11, wherein said electrochemical 
cell is a fuel cell com2>rising an anode and a 
cathode for the adsorption and de-adsorption 115 
as ions of a liquid fuel and oxygen respec- 
tively, said electrolyte providing ionic con- 
ductance between said anode and said cathode 
and conducting means external to said clec 
trolyt^ adapted to admit of electron transfer 120 
from said anode and electron transfer to said 
cathode, and wherein said alcohol is passed 
into dual contact with said anode and said 
electrolyte, oxygen gas is passed into dual 
contact with said cathode and said electro- 123 
lyte, said ketone is continuously recovered 
mm said electrol>'te, and electrical energy 
generated in said cell is recovered. 

13. A process in accordance with anv of 
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CQainas 1 to 12 wherein the alcohol is a C3 to 
C9 aliphatic alcohol. 

14. A i>rocess in accordance with Claim 
13 wherein said alcohol is isopropanol, said 

o ketone is acetone, and an isopropanol to 
acetone ratio is mainta,ined in said elcotrolvte 
of ^eater than 20/1 by separating said 
acetone, as it is formed, from said electrolyte. 

15. A process in accordance with Claim 
10 13 wherein said alcohol is butanol-2, said 

ketone is methyl ethyl ketone and the ratio 
of alcohol to ketone maintained in said 
electrolyte is at least 1 /3. 

16- A process in accordance with Claim 
15 13 wherein said alcohol is pentanol-2, said 
ketone is methyl propyl ketone and the ratio 
of alcohol to ketone maintained in said 
electrolyte is at least 1 /3. 

17. A process in accordance with any of 
20 Qaims 13 to 16 wherein the alcohol concen- 
tration is at least 0.6, preferably at least 5 
moles /liter. 

JT IS. A process in accordance with any of 
aainas 1 to 11 where said olefin is a Ca to 
25 normal olefin. 

19. A process in accordance with any of 
Claims IJto 11 for converting a normal olefin 



to the corresponding ketone which comprises 
contacting a hydrocarbon mixture containing 
an iso-oldin, a paraffin and said normal olefin 30 
with a first aqueous sulfuric acid solution, 
selectively absorbing said iso-olefin in said 
acid, separating the resulting iso-olofin-aoid 
extract from said paraffin and said normal 
olefin, passing said paraffin and said olefin 35 
in gaseous form into a second aqueous sulfuric 
acid solution which comprises the electrolyte 
of an electrochemical ceU containing a cathode 
and a platinum comprising anode (as herein* 
before defined), maintaining an oxidation 40 
potential at said anode in liie range of 0.5 
to 1.65 volts anodic to standard hydrogen 
reference and recovering said ketone and 
said paraffijii from said electrolyte. 

20. A process for producing a ketone 45 
substantially as hereinbefore described in 
any one of the Examples. 

21. A ketone when produced by a process 
in accordance with any preceding claim. 

K. J. VERYARD, 
50 Stratton Street, London, W.l, 
Agent for the Applicants. 
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